United States Patent 9 [11] 4,288,484
Norota et al. [45] Sep. 8, 1981
[54] NOVEL FIBROUS ASSEMBLY AND 3,965,229 6/1976 Driscoll ... 264/DIG. 8
PROCESS FOR PRODUCTION THEREQGF 3,969,472 7/1976 Driscoll ......ccccevcevnneen.. 264/DI1G. 8
3,980,513 9/1976 Omoriet al. ... eeens 264/51

Susumu Norota; Tsutomu Kiriyama;
Tadasi Imeoto, all of Iwakum, Japan

[75] Inventors:

[73] Assignee: Teijin Limited, Osaka, Japan

21] Appl. No.: 46,753
[22] Filed: Jun. 8, 1979
130] Foreign Application Priority Data
Jun. 13, 1978 [JP]  Japan .c.eemecmicoseosrernenn. 53-70315
Nov. 21, 1978 [JP] Japan ...ccovveorriiinimnnnnnne, 53-142817
[51] Int. Cl3 e B32B 5/12
[52] US. ClL .o 428/113; 264/46.1;

264/DIG. 8: 428/156; 428/172; 428/195:

428/233; 428/245; 428/247; 428/253; 428/255;
428/284: 428/288: 428/296; 428/297; 428/298:
428/369; 428/373; 428/397

[58] Field of Search ...........ccco........ 264/DIG. 8, 46.1:
428/113, 131, 255, 288, 374, 369, 397, 107, 373,

156, 172, 195, 233, 245, 247, 253, 284, 296, 298,

302, 303
{56] References Cited
U.S. PATENT DOCUMENTS
3,539,666 11/1970 Schirmer ....ooovcericcicennnie ... 264/51
3,549,467 12/1970 Keuchel ..o 156/72
3,594,459 7/1971 Keuchel ..ovevveeeeeaennninn. 264/DI1G. 8
3,594,928 7./ 1971 NOEL e rere e 35/50

FOREIGN PATENT DOCUMENTS
1114151 5/1968 United Kingdom .

Primary Examiner—James J. Bell
Attorney, Agent, or Firm—Sherman & Shalloway

[57] ABSTRACT

A fibrous assembly of many fibers, the individual con-
stituent fibers being interconnected at random In a
spaced-apart relationship so that when spread in a direc-
tion at right angles to the longitudinal axes of the fibers,
said assembly can form a continuous integral reticulated
structure; said individual fibers having asymmetrical
irregularly- shaped cross sections of substantially differ-
ent proﬁles and sizes from one another when said assem-
bly is cut at right angles to the longitudinal axes of the
fibers at an arbitrary point therealong; at least 40% of
the entire cross-sectional area of each fiber consisting of
at least two different polymer phases which are co-
alesced side-by-side as at least two irregular blocks; and
each of the individual fibers of said assembly having a
non-uniform cross-sectional shape along its longitudinal
axis; fibrous structures prepared from a plurality of such
fibrous assemblies; and a process for producing such
fibrous assembly.

17 Claims, 13 Drawing Figures

L » s Py TUT NV

¥ (iaaE n\n\ __ \-\ oS

e e e, .-l i R Ed



U.S. Patent Ssep. 8, 1981 Sheet 1 of 7 4,288,484

Fig. |

Fig 2

I |

TR

.

Lo
aam
i

EL ¥ TR

Foanatirrosnn s o

- .
L e - s
HETFOER RS-

- P -




4,288,484

Sheet 2 of 7

Sep. 8, 1981

U.S. Patent

L J

Fig

Fi

PN



Sheet 3 of 7 4,288,484

Sep. 8, 1981

U.S. Patent

i




Sheet 4 of 7 4,288,484

Sep. 8, 1981

U.S. Patent




4,288,484

Sheet 5 of 7

Sep. 8, 1981

U.S. Patent

A, e L = > L el ST Qe b

S s R e

B T e e Tt -

St HEHEN -
A P LA

R T s S T e

R R A TR E i Fhes S 4
- R PR RS LR

....:..:.........

bt

e
R

e s
D

AT
R N e P E R ] R R L LR LR ]
an e e e e

RINEN:

L

.

I
MRS
LA

e wlo.

R

.- ?'-"\.
Ll

P

PR S

G frap B
. : L
Lo ol

e L
e maa
AR O ]

it
TeaninLTIRN

s
e
..-.u".“..,.

._r:wm,.
i PRt

s
B

[ e

man

I N

o P,
LR vy Eok
AN E R R T I

ar
W

i
R

AR T
Ay e
.n...u_...._..“..w._...“....wu"...m e
4 .w."nw.wu.\"m ....._w.n. .
PO L E
A

. o
: : B S

[T Brag it

. SRR AL U A

EREE ORI -

Crae
"Rt

Birtt
...m..._“..m.cr......,.

“ ke - R '
P Ve

R

T P
LR N
.

ERNEENEFF LR L

i
e

FERL A F el LY R

e

par Ao b L]

oo

=

e Py
SR T
PR

e L LR 1

s s
SR e e

. . ER HE - - H
. . vare ke W Thaes no L Teliieen
e A E R E R A RS P RN FRF IR E R O PR LRE P ERE R BTSSP A ey i i

NAAN Sy e , el ape LN
TR PN L LA S R T S




Sheet 6 of 7 4,288,484

Sep. 8, 1981

U.S. Patent

Fig. 7

PRI
mate aharag e =
R T
e

[P |
.

oA '.-'...E

. e

RS R AL rE 5

Lra

-

R L N
R VT S S R B
L A

...............
HL T,

L N e

H T e

. .....r?..u.....u.v..........__:
Pt yII

E

WaiRdina Sl g fiatagd
[ ...,._.Hm....... - AT
b

PEEFT PREL S

-

e N

”..ﬁ.. .n,..“. m.....
g sttt
R b rw.n.hu_ﬂvﬁ.ﬁn._.rv.......__.,.....v

AU I R ]

e s T T T
k)

R
-

i

--u-”r.r.r-.-h ..“H.r-t .rl-
R

NP A AT

L g
R B S b E T Lo I
ATyt

ety

aern.

e



U.S. Patent sep. 8, 1981 Sheet 7 of 7 4,288,484




4,288,484

1

NOVEL FIBROUS ASSEMBLY AND PROCESS
FOR PRODUCTION THEREOF

This invention relates to a novel assembly of many
fibers, and more specifically, to a novel fibrous assem-
bly in which many fibers are interconnected at random
in a spaced-apart relationship to provide a substantially
integral structure.

According to this invention, there is provided a novel
fibrous assembly (to be sometimes referred to as the
“fibrous assembly A of the invention”) consisting of
many fibers, the individual constituent fibers being 1n-
terconnected at random in a spaced-apart relationship
so that when spread in a direction at right angles to the
longitudinal axes of the fibers, said assembly can form a
continuous integral reticulated structure; said individual
fibers having asymmetrical irregularly-shaped cross
sections of substantially different profiles and sizes from
one another when said assembly is cut at right angles to
the longitudinal axes of the fibers at an arbitrary point

there-along; at least 40% of the entire cross-sectional

area of each fiber consisting of at least two different
polymer phases which are coalesced side-by-side as at
least two irregular blocks; and each of the individual
fibers of said assembly having a non-uniform cross-sec-
tional shape along its longitudinal axis.
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To facilitate the understanding of the present inven- |

tion, various drawings are attached to this application.

BRIEF DESCRIPTION OF THE DRAWINGS -

FIG. 1 is a photograph of the unextended fibrous
assembly of the invention produced in Example 14
given hereinbelow which was taken right from above.
One smallest graduation in the scale below corresponds
to 2 mm.

FIG. 2 is a photograph taken right from above of the
fibrous assembly of FIG. 1 after it was spread in a direc-
tion at right angles to the longitudinal axes of the fibers
(to be sometimes referred to hereinbelow as “transverse
direction”).

FIGS. 3, A, B, C and D are microphotographs of the
cross sections of the fibrous assembly shown in FIG. 1,
which were obtained by cementing the fibrous assembly
with paraffin and cutting it in a direction at right angles
to the longitudinal axes of the fibers at intervals of 6 mm
along said longitudinal axes. One smallest graduation in
the scale below each photograph corresponds to 10
microns. FIG. 3, E is the same as FIG. 3, A except that
it 1s enlarged to 6000 times.

FIG. 4 is an electron microphotograph of the cross
section of fibers in the fibrous assembly shown in FIG.
1 at a different portion from the portions cut in FIG. 3.
One smallest graduation in the scale below the photo-
graph corresponds to 10 microns.

The portions which look black in FIGS. 3 E are a
polymer phase B consisting of 6-nylon and polypropyl-
ene in a weight ratio of 70:30, and the portions which
ook white in these photographs are a polymer phase A
consisting of a polyester elastomer and polypropylene
in a weight ratio of 80:20. In FIG. 3 E, the polymer
phase B is seen as a surface-roughened portion.

FIG. 5 is a photograph, similar to FIG. 1, and taken
right from above, of a structure obtained by spreading
16 fibrous assemblies of the type shown in FIG. 1 and
stacking the spread assembilies.

FIG. 6 is a microphotograph, taken right from above,
of one fiber of the fibrous assembly shown in FIG. 1
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which was treated with dry heat for about 1 minute at
a temperature of about 150° to 165° C. One smallest
graduation of the scale below the photograph corre-
sponds to 10 microns. |

FIG. 7 is a microphotograph, similar to FIG. 6, of a
part of a fiber obtained by drawing another fiber in the
fibrous assembly heat-treated as above to about 2 times
its original léngth in its longitudinal direction.

FIG. 8 is a schematic side elevation view of the ex-
truding apparatus used in the process of the present
invention.

FIG. 9 is a schematic illustration of the extending
heat-treating apparatus which can be used in accos-
dance with the present invention. |

FIBROUS ASSEMBLY

In the non-spread state, the fibrous assembly of this
invention looks like an assembly of numerous ultrafine
fibers aligned orderly in the direction of longitudinal
axes of the fibers (see FIG. 1). When it is spread in a
direction at right angles to the longitudinal axes of the
fibers (in the transverse direction), the individual fibers
are interconnected at random at irregularly spaced in-
tervals to provide a continuous substantiaily unitary
reticulated structure in which the sizes and shapes of the
individual meshes are non-uniform, as shown in FIG. 2.
Accordingly, the fibrous assembly of the invention
essentially differs from known assemblies of separated
spun fibers.

It is appreciated from FIGS. 3, A, B, C and D that (1)
when the fibrous assembly of this invention is cut at
right angles to the longitudinal axes of the fibers at an
arbitrary point therealong, the cross sections of the
individual fibers are asymetrical and irregularly-shaped
with substantially different profiles from one another;
and (2) each of the constituent fibers of the assembly has
a non-uniform cross-sectional shape along its longitudi-

nal axis.
It is further seen from FIG. 3E and FIG. 4 that (3) in

the fibrous assembly of the invention, at least 40% of
the entire cross-sectional area of each fiber consists of at
least two different polymer phases which are coalesced
side-by-side as at least two irregular blocks. This consti-
tutes an important feature and advantage of the fibrous
assembly of this invention.

The many fibers which constitute the fibrous assem-
bly of this invention, as seen from FIGS. 3, A, B, C and
D, have cross sections of irregularly varying profiles
and sizes when the fibrous assembly is cut in the trans-
verse direction at an arbitrary point of the assembly, and
each of the fibers has a cross section irregularly varying
in shape and size along the fiber axis.

The following observation can be made on these
cross sections of the fibers which vary irregularly in
shape and size when the fibrous assembly is cut at an
arbitrary point in the transverse direction. Let the
length of the maximum long axis of one cross section be
x and the length of the maximum shot axis at right an-
gles to the maximum long axis be y, then the average
diameter (z) of each fiber is given by the following
equation (1).

g Akl (1)
2

When the average diameter (z) of any 100 fiber sections
is measured on the basis of their microphotographs, at
least 80%, particularly at least 90%, of the cross gee-
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tions of the fibers preferably have an average dlameter
(z) of from 0.05 micron to 60 microns.

Furthermore, the average (Z1go) of the average diam-
eters of the 100 fiber cross-sections mentioned above
which 1s given by the followmg equation (2) s prefera- 5

bly in the range of from 3 microns to 40 microns, espe-
cially from 5 microns to 35 microns.

) -

As stated above, when the fibrous assembly of this
invention is spread in the transverse direction, it forms
a reticulated structure. The intersecting points of the
reticulated structure is substantially Y-shaped. The indi-
vidual fibers are branched in Y-shape to form irregular
meshes of varying shapes and sizes. The fibrous assem-
bly of this invention may be spread in the transverse
direction to two times with a care taken not to cut the
intersecting points. The distance (l;) between the inter-
secting portions or points in any area, 10 cm? in size, of
the spread fibrous assembly is measured by a caliper
- with regard to each mesh. The value (1) obtained by
dividing the sum of li by the number (n) of measure- 75
ments 1S defined as the average distance between the
Intersecting points as shown in equation (3).

2
100 -()

Z100 = (_E VA
=]

15

20

(3)
30

The fibrous assembly of this invention preferably has an
average distance (1) between the intersecting points of
from 1 mm to 50 mm, especially from 2 mm to 30 mm. 35

As already stated hereinabove, at least 40% of the
cross sections of the fibers which appear when the fi-
brous assembly of this invention is cut in the transverse
direction at an arbitrary point therealong consist of at
least two different polymer phases coalesced side-by-
side as at least two irregular blocks (to be referred to as
coalesced blocks of dissimilar polymer phases). When
the fibers composed of such coalesced blocks of dissimi-
lar polymer phases are, for example, stretched, beaten,
rubbed or heated, one polymer phase can be split from
the other polymer phase, thereby making the fibers finer
in size. Or when polymer phases having different per-
cent shrinkages are used as the dissimilar polymer pha-
ses, heat-treatment of the fibrous assembly results in
irregular three-dimensional crimps with a very high 50
percent crimp not seen in conventional bulky yarns.

It 1s preferred therefore that the coalesced blocks of
at least two dissimilar polymer phases should be present
In as many areas as possible in the fiber section. Prefera-
bly, such coalesced blocks of dissimilar polymers 55
should be present in at least 50%, above all at least 609,

- of the fiber cross sections which appear when the fi-
brous assembly is cut in the transverse direction.

The side-by-side coalesced blocks of dissimilar poly-
mer phases as referred to in this invention differ from
known microblends of dissimilar polymers, and as
shown in FIG. 3E, at least two dissimilar polymer pha-
ses, for example polymer phase A and polymer phase B,
form blocks of irregular shapes which are coalesced
side-by-side irregularly. Since the polymer phase A and
the polymer phase B are irregularly aligned side-by-side
to form a fiber cross section, the polymer phase A and
the polymer phase B are coalesced as blocks in an irreg-

43
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ular side-by-side fashion while they alternately appear
on the surface of the fiber. Accordingly, both the poly-
mer phase A and the polymer phase B have an irregu-
larly-shaped cross section. |

In the side-by-side coalesced blocks of at least two

dissimilar polymer phases, it is preferred that at least
two polymer phases, for example polymer phase A and

polymer phase B, respectively form a continuous phase,
and at least one of such polymer phases should be pres-
ent as a block which will occupy at least 15%, espe-
cially at least 20%, of the cross section of the fiber. This
makes 1t possible to produce a better fibrous assembly of
finer fibers and/or high percent crimp by splitting. |

It 1s also preferred that the total volume of at least
two dissimilar polymer phases, for example polymer
phase A and polymer phase B, which constitute the
fibrous assembly of this invention should be at least
80%, especially at least 85%, above all at least 90% of
the entire polymer components which constitute the
fibrous assembly, and the volume ratio of polymer

- phase A to polymer phase B should be from 70:30 to

30:70, especially from 65:35 to 35:65, above all from
60:40 to 40:60.

- As stated hereinabove, the shapes and sizes of the
cross sections of the many fibers constituting the fibrous
assembly- of this invention are non-uniform along the
fiber axes. Accordingly, at different cross sections of
each fiber along its axis, the ratio of the polymer phase
A to the polymer phase B and the profiles and sizes of
the blocks of these polymer phases are different.

At least two dissimilar polymer phases in the present
invention may be phases of different kinds of single
polymers or phases of the same kinds of polymers hav-
ing different degrees of polymerization or crystalliza-
tion, or different polymer phases in the form of microb-
lend, or phases of combinations of these.

Examples of different single polymers are thermo-
plastic polymers having quite different chemical com-
positions, for example polyethylene, polypropylene,
polyacrylonttrile, polyvinyl chloride, polystyrene,
vinyl fluoride copolymers, polyacetal, ionomer resin,
acrylate resins, vinyl acetate polymers, polyvinyl alco-
hol, copolymers of vinyl monomers and diene com-
pounds, polyamides, polyesters, polycarbonates, pol-
yurethans, polyolefinic elastomers, and polyester elasto-
mers. |

Examples of a combination of a polymer microblend
and a single polymer, or a combination of different
polymer microblends with each other are a combination
of 100% of nylon as polymer phase B (high melting
point) and a polymer phase A (low melting point)
which is a blend polymer composed of 40% of nylon
and 60% of polypropylene; a combination of a blend of
80% of nylon and 20% of polypropylene as polymer
phase B and a blend of 30% of nylon and 70% of poly-
propylene as polymer phase A. These combinations of
polymer phases A and B are also included within the
definition of the dissimilar polymer phases. It is prefera-
ble to combine polymer phase A and polymer phase B
which have little or no compatibility with each other,
but which differ to a certain degree from each other in
physical properties, especially heat shrinkage, solubility
in or swellability with solvents or in softening point or
melting point, for example to combine polymer phases
having average softening points differing from each
other by 5° to 50° C,, or those havmg dlfferent electrical
characteristics: -
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Manufacturing Process

The fibrous assembly of this invention can be pro-
duced, for example, by extruding at least two different
foamable polymer phases in the molten state from dif-
ferent extruders into polymer pipes, associating these
molten extrudates before they reach a die, extruding the
resulting polymer stream from a die having an elon-
gated slit with a clearance of not more than 0.5 mm, and
taking up the extrudate while quenching it with a cool-
ing medium such as air or water.

A similar method to the above method is disclosed,
for example, in U.S. Pat. No. 3,954,928 although 1t dif-
fers from the method of this invention in that it uses a
single polymer phase.

The die used in manufacturing the fibrous assembly
of this invention may be an I-die, a T-die or a circular
die. It is important in the present invention that at least
two different foamable polymer phases should be ex-
truded as an associated stream from the slit in such a
way that at least two different polymer phases torm
overlapping layer-like flows in the widthwise direction
in the narrow width of the slit throughout the largest
possible length of the slit (in the longitudinal direction

10

15

20

of the slit clearance). Most preferably, molten masses of 25

at least two different polymer phases are extruded while
they overlap each other as at least two layers over the
entire length of the slit, and this can give a fibrous as-
sembly of the highest quality. Desirably, these molten
polymer masses are extruded so that they overlap each
other as layer-like flows over at least 90%, especially at
least 95%, of the entire length of the slit.

The surfaces of the molten masses of at least two
dissimilar polymer phases extruded from the slit exit
which overlap in layers need not always to be of a
planar shape, and the cross sections of various shapes
may overlap in an undulate plane.

At least two polymer phases can be melted by heating
them to a suitable temperature of 100° to 350 C.

When it is desired to obtain a fiber assembly of espe-
cially high quality, the clearance of the slit is preferably
within the range of 30 to 300 microns. Especially when
a fibrous assembly having a small fiber denier is desired,
it is especially preferred to use a slit having a clearance
of 30 to 150 microns.

The fibrous assembly of this invention can be pro-
duced by using an apparatus shown, for example, in
FIG. 8.

The apparatus shown in FIG. 8 includes two extruder
systems A and B. Two different polymers are fed re-
spectively from hoppers 1z and 16 into vent-type ex-
truders 2ag and 2b. N3 gas is introduced into the vent
portions of these extruders, and the polymers are each
kneaded in the molten state to prepare different foam-
able molten polymer phases A and B separately. These
polymer phases A and B are sent 10 an associating
chamber 5§ of a die 4 through polymer pipes 3a and 35,
and extruded through a slit exit 6 of the die 4 while they
overlap in layer form. The bubbles dispersed in the
polymers expand after extrusion, and change to cracks
by being cooled with a cooling air from an air feed
opening 7. Thus, finally, a fibrous assembly is obtained
which when spread, becomes a reticulated structure.

Preferably, the cooling of the polymers at the slit exit
6 should be performed by spraying a gas such as air or
steam to the polymers immediately rearward of the slit
exit, especially at a place between the slit exit and a
point 10 mm below it especially 5 mm below it, while

30
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applying a draft to the polymers so that these polymers
may be solidified in fibrous form. The draft ratio 1s
preferably from 50 to 250, especially from 100 to 200.
The draft ratio, as used herein, is defined as follows:

the take-up speed (cm/min.)
at which the fibrous assembly
1s taken u
the linear speed (cm/min.) of
the molten polymers at the
slit exit

The foamable substance to be included into the dis-
similar polymer phases in the manufacturing process of
this invention may be any substances which generate
gases when the molten polymer phases are extruded
from the slit exit. The foamable substances include not
only gaseous foamable substances, but also solid or
liquid substances which generate gases by decomposi-
tion or by reaction with the molten polymer phases.
Feasible methods for foaming include, for example, (a)
a method which comprises mixing a normally gaseous
substance such as nitrogen gas, carbon dioxide gas,
helium, propane or butane with a molten thermoplastic
resin; (b) a method which comprises mixing a substance
which is normally liquid but becomies gasecus at the
melting temperature of a thermoplastic resin, such as
water, with the thermoplastic resin, (c) a method which
comprises mixing a substance capable of generating a
gas upon decomposition, such as a diazo compound
(e.g., azodicarbonamide or p-toluenesulfonyl semicar-
bazide), or sodium carbonate, and {d) a method which
comprises mixing a molten thermoplastic resin with a
polymer which reacts with a part of such molten ther-
moplastic polymer (for example, polyester, polyamide),
such as polycarbonate.

Whichever method is used, it is necessary that when
the thermoplastic resin is to be extruded from a slit die
in the molten state, a gas is generated from the die to-
gether with the resin. Preferably, the various foamable
substances described hereinabove are kneaded with the
thermoplastic resin as fully as possible. If the kneading
is not enough, it is difficult to obtain a reticulate fibrous
sheet which is uniform and has the desired properties.

The foamable substance is used preferably in such an
amount that the amount of the gas generated at the time
of extruding the molten polymer phases from the slit
exit is 10 to 100 ml, especially 15 to 60 ml, (NTP) per
kilogram of the polymer. -

The fibrous assembly so produced can be used in
various applications.

The fibrous assembly shown in FIG. 1 is prepared
from polymer phase B consisting of 70% by weight of
6-nylon and 30% by weight of polypropylene and poly-
mer phase A consisting of 80% by weight of a polyester
elastomer and 20% by weight of polypropylene; the
individual fibers have an irregularly-shaped cross-sec-
tional structure such that their cross sections in the
transverse direction are asymetrical and irregularly-
shaped with different profiles and sizes from one an-
other, and each fiber has a cross section of non-uniform
shapes and sizes along its fiber axis. Moreover, at least
409% of the entire cross-sectional area of each fiber
consists of at least two different polymer phases which
are coalesced side-by-side as at least two irregular
blocks, whereby when the fibrous assembly shown in
FIG. 1 is treated with dry heat for about 1 minute at a
temperature of about 150° to 165° C. in the relaxed state,
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there can be obtained a crimped fibrous assembly which
contains about one crimp per about 100 microns as
shown in FIG. 6. The resulting crimps are irregularly-
shaped because of the irregularly-shaped cross-sectional
structure of the fibers, and are oriented three-dimen-
sionally. Hence, a crimped, very highly bulky fibrous

assembly, which cannot be obtained by prior art tech-

niques, can be produced from the fibrous assembly of
this mvention.

FIG. 7 1s a microphotograph of another part of the
heat-treated fibrous assembly shown in FIG. 6 which
was taken after it was stretched to about 2 times in the
longitudinal direction of the fibers. It is noted that as a
result, the polymer phase A is partly separated from the
polymer phase B to form fine-denier fibers in the form
of whiskers. |

Since in the fibrous assembly of this invention, at least
two different polymer phases are coalesced side-by-side
as blocks of irregular shapes and sizes, the dissimilar
polymer phases are relatively easiiy split by a pulling
force of stretching, a physical force such as beating or
rubbing, and/or by stress caused by heat-treatment.
Thus, a fibrous assembly of finer fibers can be produced.

According to anothei aspect of this invention, there is
provided a tibrous assembly of many fibers, the individ-
ual constituent fibers being interconnected at random in
a spaced-apart relationship so that when spread in a
direction at right angles to the longitudinal axes of the
fibers, said assembly can form a continuous integral
reticulated structure; said individual fibers having
asymmetirical trregularly-shaped cross sections of sub-
stantially different profiles and sizes from one another
when said assembly is cut at right angles to the longitu-
dinal axes of the fibers at an arbitrary point therealong;
each of the individual fibers of said assembly having a
non-uniform cross-sectional shape along its fiber axis;
and said constituent fibers having (A) a portion having
at least two different polymer phases coalesced side-by-
side as at least two irregular blocks, and (B) a portion in
which at least one of said at least two different pclymer
phases is separated from the other polymer phase to
form at least two finer fibers (to be referred to as the
fibrous assembly B of the invention).

‘The fibrous assembly of the invention is therefore a
good fibrous material for reticulate fibrous webs and
non-woven fibrous structures, and can be used in vari-
ous applications including materials for producing non-
woven fabrics, filter matertals, packaging materials,
matenals for various apparel applications, heat insulat-
Ing materials, cushioning materials, syntieiic paper-like
sheets, electric insulating materials, interior materials,
sanifary materiais, materials for motor vehicles, and
agricultural materials. It is most suitable for use as ap-

10
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parel and filter materials. The fibrous assembly of this

invention is also useful as various base materials for
impregnation and for coating. Its application, however,
1s not limited to these specific uses.

In the preparation of the fibrous assembly of this
invention, various additives such as fire retardants, col-
oring agents, stabilizers, absorbents and crystallization
promotors may be incorporated, as required.

According to this invention, a bulky web-like fibrous
assembly in which many fibers are crimped to inter-
twine the constituent fibers of the web three-dimension-
ally can be produced by stacking the desired number (at
least two, preferably 10 to 10,000, especially preferably
20 to 6,000) of the unextended fibrous assembiies A or B
or the products obtained by extending them in the trans-

55

60

03
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verse direction to some degree, extending the resulting
sheet-like material in the transverse direction (i.e., in a
direction at rnight angles to the longitudinal direction of
the fibrous assembly in the unextended state) in an over-
feed condition while holding both ends of the sheet-like
material to form a reticulated fibrous web, and heat-
ireating the web by a heating medium such as hot air or
radiation heating without direct contact with a hot
plate, |

The method of producing the bulky web-like fibrous
assembly will be described below in detail with refer-
enice to FIG. 9. |

At least two fibrous assemblies A of the invention,
either in the unextended state or after being extended in
the transverse direction to some extent, are stacked so
that the fibers are aligned substantially in the longitudi-
nal direction and the ends of the fibrous assemblies
register with each other to form a sheet-like material 1.
The sheet-like material 1 is sent to an extending zone 8
of the extending heat-treating apparatus shown in FIG.
& through overfeed rolls 2 and 2’ driven at speed V1. A
pair of extending belis having a number of needles 4
fixed perpendicularly to belts or chains are provided at
poth ends of the extending zone 5, and are adapted to
travel at the same speed Vo by means of rclls 3 and 3. In
the extending zone, the sheet-like material 1 fed in an
overfeed condition is punched at both ends with the
many needies 4 and so held, and while traveiling to-
gether with the extending belts, is extended in a direc-
tion at right angles to the longitudinal direction of the
sheet-like material 1.

The overfeed rate (Of) i1s defined by the following
equaticn. |

Feed rate V7 of the sheet-hike material 1
Running speed V5 of the extending belts

Of =

Desirabiy, the sheet-like material 1 1s fed into the

extending zone at an overfeed rate (Of) of from 1.1 to 5,
preferably from-1.3 to 3.

In the transverse extension of the sheet-like material
1, the extension ratio can be varied accordinig to the.
desired propertiies of the web-like fibrous assembly.
Advantageously, it is usually from 3 to 25, preferably
trom 3 to 20. The extension ratio is defined as the ratio
of the width (I.;) of the extended reticulated fibrous
web {0 the widtih (L1) of the sheet-like material % to be
fed into the extending zone 5, 1.e. La/L;.

The reticulated fibrous web 7 extended to the desired
ratio may, If desired, be preliminary pressed with press
rollers & and &' to make its thickness uniform. When it is
desired to obtain a very bulky web-like fibrous assem-
bly, the press rollers 6 and 6’ are not essential.

Theextended reticulated fibrous web 7 can be used in
various applications as a material for forming a non-
woven fibrous assembly. Since, however, the fibrous
assembly A of this inveniion is characterized by having
a very nigh degree of fine crimps, it is advantageous to
crimp the extended reticulated fibrous web 7 by heat-
treating it as shown in FIG. 9. The exiended reticulated
itorous web 7 is introduced into a radiation-type heat-
ireating box §. When the fibrous web 7 is heat-treated
with the heat of radiation in the box, it is crimped to a
high degree. As a result, the crimped bulky web-like
fibrous assembly 9 is shrunken, and has a width L3
shorter than the width L, before the crimping treat-
ment.
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The degree of crimping imparted to the reticulated
fibrous web by the above heat-treatment is controlled
by the heat-treating temperature and time. Advanta-
geously, heating is carried out at a temperature near the
softening point of the lower-melting polymer phase
which constitutes the fibers in the web. The heat-treat-
ing time is usually from 5 seconds to 5 minutes, prefera-
bly from 15 seconds to 3 minutes. |

The extended reticulated fibrous web of this mnven-
tion can be formed into web-like fibrous assemblies
having various functions and characteristics depending
upon the conditions for crimping it by heat-treatment
and upon the method of post-treatment of the crimped
web. Typical examples of the embodiment are shown
below. -

(1) A method which comprises introducing the ex-
tended reticulated fibrous web 7 into a heat-treating box
8, sufficiently crimping it in the first half of the heating
zone at a temperature not exceeding the softening point
of the lower-melting polymer phase in the fibers consti-
tuting the web, subsequently heating the web in the
second half of the zone at a relatively high temperature
at which the lower-melting polymer phase can be
melted, thereby to melt-adhere the fibers to one another
and to obtain a three-dimensional reticulated web.

As stated hereinabove, when the fibrous assembly of
this invention is cut in the transverse direction, the
many individual fibers have asymmetric irregularly-
shaped cross sections of different profiles and sizes, and
the cross section of each fiber is nonuniform along the
fiber axis. Moreover, in the cross sections of a majority
of the fibers, at least two different polymer phases are
coalesced side-by-side as at least two irregular biocks.
Accordingly, by the heat-treatment in the first half of
the heat-treating box, the many fibers of the sheet-like
material are crimped at a very high percent crimp to
effect three-dimensional intertwining of the crimped
fibers. When the sheet-like material is further heated in
the second half of the heat-treating box at a high tem-
perature at which the lower-melting polymer phase can
be melted, the lower-melting polymer phase in one fiber
having an irregularly-shaped cross section adheres to a
block of low-melting polymer phase and/or a high-
melting polymer phase having a similar irregular shape
at many small contact points.

According to the above method, therefore, the indi-
vidual fibers are crimped three dimensionally to a high
degree and integrated to provide a web of the desired
thickness which is very bulky and has a soft hand and
also superior drapeability.

(2) A method which comprises introducing the ex-
tended fibrous web 7 into a heat-treating box 8, heat-
treating it therein at a temperature not exceeding the
softening point of the lower-melting polymer phase of
the fibers constituting the fibrous web to crimp the
~ fibers sufficiently and thereby to form a bulky web
having the constituent fibers intertwined three dimen-
sionally by the crimps of the fibers, then impregnating
the web with an adhesive composed of a material other
‘than the polymers constituting the fibers to bond at least
some of the fibers at at least some of the points of
contact between the adjoining fibers, thus providing a
three-dimensional unitary fibrous structure.

10
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In the method (1), the fibers constituting the web are 65

bonded thermally to one another partly through the
lower-melting polymer phase to form a three-dimen-
sional unitary fibrous structure, whereas in the method

10

(2), the constituent fibers are bonded partly by means of
an adhesive. |

The adhesive used in this method may be any adhe-
sive which can generally be used to bond fibers. It may
be a powder or a liquid. Suitable adhesives are those
which are composed of materials other than the poly-
mers constituting the fibers. Materials having a lower
melting point than the polymers constituting the fibers
and being soft are preferred. The type and/or amount of
the adhesive greatly affects the properties and hand of

the resuliing fibrous structure.
For example, when a relatively small amount of a soft

adhesive is applied to a crimped bulky web, a bulky web

having soft hand will be obtained. When a hard adhe-
sive is applied, a bulky but relatively hard web will
result. |

Examples of adhesives that can be used in this inven-
tion include polyacrylate-type adhesives, polyvinyl
acetate-type adhesives, and polyvinylidene chloride-
type adhesives. |

The aforesaid method gives a web of soft hand in
which the individual fibers are finely crimped to a high
degree and are partly integrated by means of the adhe-
sive., When the amount of the adhesive increases, a web
of a soft leather-like hand is obtained.

(3) A method which comprises introducing the ex-
tended fibrous web 7 into a heat-treating box 8, heat-
treating it there at a temperature not exceeding the
softening point of the lower-melting polymer phase in
the fibers constituting the fibrous web thereby to crimp
it fully, then withdrawing the heat-treated web from the
heat-treating box 8 to obtain a bulky web-like fibrous
assembly 9, and then hot-pressing the assembly. By
performing the hot pressing at a relatively high temper-
ature at which the lower-melting polymer phase in the
fibers can be melted, the bulky web-like fibrous assem-
bly 9 is compressed as a whole, and a thinner three-di-
mensional fibrous web than the web obtained by the
method (1) is obtained. |

It is also possible to hot-press one or both surfaces of
the bulky web-like fibrous assembly under a predeter-
mined pressure, thereby partly heat-adhering only the
surface layers of one or both surfaces of the fibrous
assembly and thus forming a three-dimensional web.

Thus, a fibrous web can be obtained which has a
uniform thickness and in which the fibers are inter-
twined three-dimensionally throughout the web and the
whole or only the surface layer is three-dimensionaily
heat-adhered. | o

(4) A method which comprises heat-treating the fi-
brous web 7 by a method similar to the method (1), (2)
or (3) described above to form a crimped bulky web-
like fibrous assembly 9 and then embossing the fibrous
assembly by an embossing roll having the desired tem-
perature and raised portions of the desired height. This
method can afford an embossed web which has raised
and depressed patterns in a wide variety of shapes and
sizes and in which the thicknesses of the raised portions
and/or the depressed portions vary, and the degree of
heat adhesion also differ.

(5) A method which comprises hot-pressing a bulky
three-dimensionally intertwined fibrous web obtained
by heat-treating the fibrous web by a method similar to
the method (1) or a three-dimensional integrated fibrous
web obtained by heat-bonding the fibers of the above
web partly, or a bulky web-like fibrous assembly ob-
tained by a method similar to the method (2) or (3), and
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coating or impregnating the resulting fibrous web with
various resins or resin solutions.

When a resin or a resin solution is coated on the
surface of such a web, the surface of the web has in-
creased abrasion resistance, and a beautiful appearance 5
and physical and chemical properties which are inher-
ent to a resin layer, and the strength of the entire web
increases. |

When such a web is impregnated with a resin or a
resin solution, the degree of bonding of the fibers to one 10
another increases, and the bonding among the fibers
becomes firm. When the resin to be impregnated is a
relatively soft resin, a soft bulky web having a leather-
like hand can be obtained.

(6) A method of forming an assembly of ultrafine 15
fibers, which comprises extracting at least one polymer
component or polymer phase constituting the fibers
from the aforesaid fibrous web 7, the heat-treated web-
like fibrous assembly 9 obtained by the method (1) or
(2), or the hot-pressed web-like fibrous assembly ob- 20
tained by the method (4).

In this method, it is possible to extract one of the
polymer components or polymer phases constituting
the fibers, and leave the other polymer component or
polymer phase. When a certain polymer phase forms a 25
microblend of different polymers, only one component
of the microblend can be extracted.

Thus, a web composed of ultrafine fibers can be easily
obtained, and in a certain case, a web of a suede-like
hand can be obtained. | 30

Formation of a fibrous web in accordance with this
invention is not limited to these specific examples, and
other methods may be available. Or two or more of
these methods can be performed in combination in a
suitable sequence. | 35

In an especially preferred embodiment, a three-
dimensionally integrated web is formed by using as one
of blocks of polymer phases a polymer having a lower
melting point than the other polymer phase and at least
containing an elastic polymer, and bonding the fibers to 40
one another through the portion of the elastic polymer.
The resulting web is bulky on the whole, and has a very
soft hand. This is presumably because the fibers bonded
to one another through the elastic polymer can move
relatively freely with flexibility. Desirably, the elastic 45
polymer includes, for example, polyurethane, polyole-
fin-type elastomers, and polyester-type elastomers, and
polyester-type elastomers. It is especially preferred to
use elastic polymers having a shore D hardness, mea-
sured by ASTMD?2240, of not more than 65. 50

The web having very fine crimps and the webs ob-
tained by treating it in accordance with methods (1) to

(6) can be directly used as materials for the production
of non-woven fibrous assemblies.

Webs having a suede-like very soft touch can be 55
obtained by fibrillating the surfaces of such webs to
provide naps. The embossed web obtained by the
method (4), and the resin-coated or impregnated web
obtained by the method (5) are suitable for fibrillation.

When using such an embossed web, the clearance be- 60 -

tween the raised portions of the emboss is desirably not
more than about 20 mm, preferably not more than 10
mm.

A laminated structure may be formed by stacking the
desired number (at least two, preferably 10 to 10,000) of 65
the reticulated structures obtained by extending the
fibrous assembly of the invention, and incorporating
Into an arbitrary position of the laminate (for example,

12

between the adjoining reticulated structures, or at one
or both surfaces of the laminate) at least one third sheet-
like material such as woven fabrics, knitted fabrics, nets,
non-woven fibrous structures or films of materials other
than the fibrous assemblies. The resulting laminated
structure can have varying strength, flexibility, air-
permeability, drapeability, etc. in contrast to the lami-
nate not containing such a third sheet-like material.

Alternatively, various long or short fibers may be
needle-punched onto the surface of the sheet-like mate-
rial of various fibrous assemblies of this invention de-
scribed hereinabove. This will afford a composite fi-
brous structure which is bulky and heat insulating.

As stated hereinabove, the fibrous assembly of this.
invention has a unique reticulated structure, and a
untque fiber cross-sectional shape consisting of blocks
of different polymers phases. Use of such a fibrous as-
sembly can give reticulated fibrous structures or non-
woven fibrous structures of very high utilitarian values.
In particular, since the fibrous assembly of this inven-
tion can be finely crimped to a high degree, a soft bulky
web can be obtained. By utilizing its bulkiness, it can
find various applications. |

The methods for measuring the shapes and properties
of the fibrous assembly of this invention and the proper-
ties of the fibrous structures of the invention are de-
scribed below. The conditions for producing the fibrous
assembly are also described.

(1) Method of measuring the cross section of a fibrous
assembly by an optical microphotograph:

The fibrous assembly is fixed with a white Japan
wax/paraffin mixture. The fixed fibrous assembly is
sliced to a thickness of 3 microns by a micronome. The
slice 1s adhered to a cover glass coated with egg white
and fixed in position. The excessive Japan wax/paraffin
and egg white are removed by carbon tetrachloride and
ethyl alcohol. The sample is observed under an optical
microscope and photographed. The apparent long axis
diameter (a;) and the apparent short axis diameter (b;) of
the irregularly-shaped cross section are read on the
photograph, and their arithmetic mean

(a; + b))
2

is calculated. These data are taken from the cross sec-
tions of 100 fibers chosen at random to obtain an appar-
ent average denier size (D).

| lg{} (a; + b))

— '=l 2 —
D=I——T§5‘“—(D-*M)

- The average denier size (de) is calculated in accor-
dance with the following equation.

R 2 — .
de:w(_.__@.m) « =P 9 % 10 xd
2 x 10¢ (P + 1) |

wherein P =

d 1s the arthmetic average specific gravity calculated
from the proportions of constituent polymers.

The state of mixing of two different polymer phases
in the cross section of a fiber is observed as follows:
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When one polymer phase contains a large amount of
a readily dyeable polymer such as nylon, the fibrous
assembly is dyed and a photograph of its section 1s
taken. When the polymer phases are difficult to differ-
entiate by dyeing, a pigment is mixed with one polymer
phase in an extruder, and a photograph of the cross
section of the resulting fibrous assembly 1s taken.

(2) Draft ratio |

It is calculated from the volume of a foamable poly-
mer from a vent-type extruder conveyed by a gear
pump, and determined in accordance with the follow-
Ing equation. |

Take-up speed (cm/min.} of
Draft ratic = _ the fibrous assembly

Cross
Volume (cm3/min.) sectional
of the polymer area (cm?)
conveyed by a of a dis-
gear pump charge slit

Take-up speed (cm/min.) of
the fibrous assembly

Linear speed (cm/min.) of a

molten polymer in a die exit

(3) Properties of the fibrous assembly:

The fibrous assembly is cut lengthwise so that its total
denier {de) becomes about 10,000 de, and one twist is
given per cm of its length. The sample is pulled at a
pulling speed of 5 cm/min. with an interchuck distance
being adjusted to 5 cm. The strength of the sample in
the longitudinal directton is the quotient (m) obtained
by deviding the maximum stress during pulling by its

denier (de). The elongation in the longitudinal direction |

of the fibrous assembly is that at the maximum stress
irrespective of the total denier.

(4) Crimps:

The fibrous assembly is heat-treated for 1 minute at a
predetermined temperature. Then, while cutting the
network structure, one fiber is taken out of the fibrous
assembly. A load of 2 mg is exerted on the fiber, held in
‘the taut state between two glass sheets, and fixed. The
number of crimps is then measured by an optical micro-
scope. After 20 replicates of this measurement, an aver-
age of the number of crimps is calculated, and made the
average number of crimps per cmi.

(5) Web formation:

(5)-(a) Measurement of the orientation angles of fibers -

in a web
One fibrous assembly is extended in the transverse

direction in an apparatus of the type shown in FIG. 9.

One reticulated sheet formed at zone 5 is held between -

two glass sheets and fixed. On a sheet of black paper,
the angles of the fibers of the web with respect to the
- “feeding direction of the fibrous web in the above appa-
ratus are measured on all fibers located within an area of
10 cm?, and are averaged to obtain an average fiber
orientation angle (0,). Arithmetically, this can be
roughly calculated in accordance with the following
equation from the overfeed ratio (Of) of the fibrous
assembly.

(5)-(b) Definition of the extension ratio

L
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Width (L2 cm) of the fibrous

Extension ratio == w?ﬁ%
Width (L cm) of the fibrous

assembly before extension

I.1 and L5 are the widths of the web shown in FI1G. 9.
(5)-(c) Definition of the overfeed ratio (Of)

Feed speed (¥, m/min.} of the
fibrous assemb]
Advancing speed (V3, m/min.)
of the extended web

Of =

(5)-(d) Shrinkage of the web

(L3) — (L3)

I, X 100

Shrinkage of the web (%) =

L, and L3 are the widths of the web shown 1n FIG. 9.

(6) Properties of the web:

(6)-(a) Density, (6)-(b) Thickness

" A sample having an area of 10 cm?is cut off from the

web, and the thickness of the sample is measured by a
microgauge at any five points of the sample. An average
of the thicknesses measured at the five points i1s mea-
sured. From the result, the density of one sample with
an area of 10 cmZ is calculated. The density of the web
is defined as the average of three replicates.

(6)-(c) Average number of crimps

The web is held between two glass sheets, and the
photographs of the surfaces of five different parts are
taken by means of a stereomicroscope. From one photo-
sraph, the number of crimps of any four fibers is read.
The average of the crimps of the twenty fibers in total
is calculated, and made the average number of crimps

(per cm) of the web.

(6)-(d) Strength at 1% elongation (in the longitudinal
direction):

(6)-(e) Strength (in the longitudmal direction)

(6)-(f) Elongation (in the longitudinal and transverse
directions)

Fibrous assembhes are stacked and extended and
heat-treated to form a non-woven fibrous structure. A
rectangular sample, 20 cm in length and 5 cm in width,
is taken from the non-woven fibrous structure. The
sample is pulled at a pulling speed of 5 cm/min. with an
interchuck distance being adjusted to 10 cm by a tensile
tester, and a strength-elongation curve 1s recorded on a
chart. The strength at 1% elongation in the longitudinal
direction of the non-woven fibrous structure is read
from the resulting strength-elongation curve.

The strength and elongation at the maximum pulling
stress are read from the strength-elongation curve.

Rectangular samples are sampled arbitarily from
three parts of the non-woven fibrous structure both in
the longitudinal and transvers directions, and the mea-
surements were repeated. The averages of these mea-
sured values are determined, and made the strength
(kg/5 cm) and elongation (%) of the non-woven fibrous
structure. |

The following Examples are given for illustrating the
present invention in detail. It should be understood that
the invention is not limited to these specific working

examples.
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EXAMPLE 1

The sketch of the apparatus used in this Example is
shown in FIG. 8. In FIG. 8, polystyrene chips were fed

16

type shown m FIG. 8. The combination of the polymers
and the extruding conditions were as shown in Table 2
below. In all of these Examples, the die used was a.

circular die having a diameter of 220 mm.

ratio

into a hopper 1a provided at the top of a venti-type 5 A number of the resulting fibrous assemblies were.
extruder 2¢ in section A, and polypropylene chips were stacked, and extended in the widthwise direction while
fed 1nto a hopper 16 provided at the top of a vent-type overfeeding them. Thus, a laminate of the fibrous as-
extruder 26 1n section B. The temperature of the vent- semblies was obtained. The laminate was preliminaril
P p y
type extruder 26 was maintained at 240° to 300° C., and pressed, and heat-treated.
the temperature of the vent-type extruder 2¢ was main- 10 The number of the fibrous assemblies stacked, the
tained at 270° to 310° C. The polymers were melted and overteed ratios, the extended widths, the heat-treating
extruded at these temperatures. Nitrogen gas at a pres- temperatures, the presence or absence of press treat-
sure of 60 kg/cm? was introduced from the vent portion ment and the properties of the resulting laminates are
g | P . prop g
of each extruder so that its amcunt became 0.01% by shown 1n Table 2. |
weight based on the polymer. The molten polymers 15 For reference, Comparative Example 1 was pet-
containing nitrogen were introduced into the upper formed in which polypropylene was used both as poly-
portion of an I-die 4 through pipes 3a and 35 respec- mer phases A and B. -
tively and were associated there. The I-die 4 had a The polymers used in the above Examples and Com-
polymer associating chamber 5 having a length of about parative Example are tabulated below.
24 cm, a width of about 2 cm and a height of about 3 cm 20
and beneath it, a slit having a width of 300w and a length
of 24 cm. The mixed molten polymer containing nitro-  —oymer Manutacturer Grade
gen gas obtained as a result of association in the I-die 4 Polypropylene  Ube Kosan Kabushiki Kaisha S-115M
was heated to 280° C., and extruded from the slit 6. The fma‘?“@ S (1sotactic)
. . tactic poly- Mitsubishi Rayon K.K. Spectal grade
extrugi?d mqlte_n polymer was cooh_ed by blovf.fmg air at 25 ronviene (atactic)
a posttion within 5 mm from the exit of the slit through Polystyrene Asahi Dow K.K. Styron 666
a cold air feed opening 7, and in the meantime, was  Ny-6 (nylon 6)  Teijin Limited T-100 {5] = 1.1
taken up at a draft ratio of 160 to form a fibrous assem- iiﬁ?hﬂ;?: Teyin Limited BVR [n] = 0.72
bly. | (PET)
The strength and elongation of the product were 30 Polycarbonate  Teijin Limited W-1225
measured, and are shown in Table 1. (PC) | |
When the above fibrous assembly was dry heat- ~ Ethylene/ethyl  Nippon Unicar K.K. P-169
o o . . acrylate co-
treated at 120° to 140° C. for 1 minute, a crimped fibrous polymer (EEA) -
assembly having the average denier size (de) and the lonomer Mitsui Polychemical K.K. SA 1555
average number of crimps shown in Table 1 was ob- 35 Polybutylene  Teijin Limited CH [n] = LI
tained - terephthalate
' | (PBT)
EXAMPLES 2 TO 7 Polyethylene Ube Kosan K.K. J-2522
(PE) -
Fibrous assemblies were obtained by operating in the Polyacetal Polyplastics X.K. Duracon |
same way as in Example 1 except that the combination 40 ~¢rylonitrile/  Asahi Dow K.K. Tyril 763
| . . styrene co- ;
of polymer phases_ A and B, the type of the dfe, the slit polymer (AS)
clearance of the die, the temperature of the die and the Polyester Du Pont Hytrel 4056
drait ratio were varied as shown in Table 1. The results Elastomer
are also shown in Table 1 Polystyrene Shell TR-1107
' | 45 elastomer
EXAMPLES 8 TO 14 AND COMPARATIVE
EXAMPLE 1
Fibrous assemblies were obtained by operating in the
same way as in Example 1 by using an apparatus of the
TABLE 1
Run No. Example 1 Example 2 Example 3 Example 4 Example 5 Example & Example 7
Combination of polymers |
Composition Polystyrene Polystyrene - Ny-6 (19) Polypro- Polypro- | Polypro- Ny-6 (80)
(wt. %) of (100) (70) Polypro- . pylene (80) pylene (60) pylene (50)  Poly- |
polymer phase Ny-6 (30) pviene (80) EEA (20) Ny-6 (35) Poly- propylene
A PC (1) Ionomer (5)  ethylene (40) (20)
| Polyacetal
| (10)
Composition Poly- Polypro- Polypro- PET (60) PBT (70) PET (60) PET (70)
(wt. %) of propylene pylene (70) pylene (40) Ny-6 (20)  Ny-6 (10) Ny-6 (5) PC (2)
polymer (106) PET (30) Ny-6 (60)  Polypro- Polypro- AS (35) Polypro-
phase B pylene (20) pylene (20) ° pylene (28)
A:B volume 50:50 50:50 50:50 67:33 33:67 33:67 50:50

e R e e P~ . e B e S e — e A i ——— A S PSPt e S T ¥ St el i VS
Cxtruding conditions

Configuration I (240 mm T (240 mm
of the die long) fong)
Die slit 300 300

Clearance (u)

Circular Circular Circular Circular Circular
(220 mmin (220 mm in (220 mm in (220 mm in {220 mm 1n
diameter) diameter) diameter) diameter) diameter)
200 200 100 100 100
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TABLE 1-continued

___________________________________________________.____;_

Run No. Example | Example 2  Example 3 Example 4 Example?5 Example 6 Example 7
Die temper- 280-310 260-310 220-290 240-280 220-280 240-280 240-290
ature ("C.} | . | | |

Draft ratio 160 120 16D 120 200 160 150

___——-—'-—-—-———-_———‘_‘_"_-"_'__-__——__—__——-
Properties of the fibrous assembly | |

Strength(longi- 0.2 0.2 0.4 0.4 0.5 . 0.4 0.3

tudinal) {g/de) - - |
Elongation 70 100 180 180 190 je0 180
‘(longitudinal) | :
(92) |
| Crimping | |
Crimping 120-140 130-160 130-160 120-150 120-160 120-150 140-180

temperature

("C.) |

Average denier 1.2 1.9 0.7 0.8 0.2 04 3.5
size after

crimping (de) | | |

Average number 96 105 113 © 102 115 110 105
of crimps per

cmn after

crimping |

25

30

35

45

30

33

60

635
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What we claim is: - S -

1. A fibrous assembly of many fibers, the individual
constituent fibers being interconnected at random in a
spaced-apart relationship so that when spread in a direc-
tion at right angles to the longitudinal axes of the fibers,
said assembly forms a continuous integral reticulated
structure; said individual fibers having asymmetrical
irregularly-shaped cross sections of substantially differ-
ent profiles and sizes from one another when said assem-
bly is cut at right angles to the longitudinal axes of the
fibers at an arbitrary point therealong; at least 40% of
the entire cross-sectional area of each fiber consisting of
at least two different polymer phases which are co-
alesced side-by-side as at least two irregular blocks; and
each of the individual fibers of said assembly having a
non-uniform cross-sectional shape along its longitudinal
axis.

2. A fibrous assembly of many polymeric fibers, the
individual constituent fibers being interconnected at
random in a spaced-apart relationship so that when
spread in a direction at right angles to the longitudinal
axes of the fibers, said assembly can form a continuous
integral reticulated structure; said individual fibers hav-
ing asymmetrical irregularly-shaped cross sections of
substantially different profiles and sizes from one an-
other when said assembly is cut at right angles to the
longitudinal axes of the fibers at an arbitrary pomt
therealong: each of the individual fibers of said assem-
bly having a non-uniform cross-sectional shape along its
fiher axis; and said constituent polymeric fibers having
(A) a portion having at least two different polymer
phases coalesced side-by-side as at least two irregular
blocks, and (B) a portion in which at least one of said at
jeast two different polymer phases is separated from the
other polymer phase to form at least two finer fibers.

3. A fibrous structure comprising a laminate of at
least two fibrous assemblies each of which is spread in a
direction at right angles to the longitudinal axes of the
fibers of said assembly to form a reticulated structure,
and in which many fibers are crimped so that the con-
stituent fibers of the laminate are intertwined three-
dimensionally; wherein each of said fibrous assembly
consists of many fibers, the individual constituent fibers
being interconnected at random in a spaced-apart rela-
tionship so that when spread in a direction at right
angles to the longitudinal axes of the fibers, said assem-
bly can form a continuous integral reticulated structure;
said individual fibers having asymmetrical irregularly-
shaped cross sections of substantially different profiles
and sizes from one another when said assembly is cut at
right angles to the longitudinal axes of the fibers at an
arbitrary point therealong; at least 40% of the entire
cross-sectional area of each fiber consisting of at least
two different polymer phases which are coalesced side-
by-side as at least two irregular blocks; and each of the
individual fibers of said assembly having a non-uniform
cross-sectional shape along its longitudinal axis.

4. A fibrous structure comprising a laminate of at
least two fibrous assemblies each of which is spread in a
direction at right angles to the longitudinal axes of the
fibers of said assembly to form a reticulated structure,
and in which many fibers are crimped so that the con-
stituent fibers of the laminate are intertwined three-
dimensionally; wherein each of said fibrous assemblies
consists of many fibers, the individual constituent fibers
being interconnected at random in a spaced-apart rela-
tionship so that when spread in a direction at right
angles to the longitudinal axes of the fibers, said assem-
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bly can form a continuous integral reticuiated structure;
said individual fibers having asymmetrical irregularly-
shaped cross sections of substantially different profiles
and sizes from one another when said assembly 1s cut at
right angles to the longitudinal axes of the fibers at an
arbitrary point therealong; each of the individual fibers
of said assembly having a non-uniform cross-sectional
shape along its fiber axis; and said constituent fibers
having (A) a portion having at least two different poly-
mer phases coalesced side-by-side as at least two irregu-
lar blocks, and (B) a portion in which at least one of said
at least two different polymer phases is separated from
the other polymer phase to form at least two finer fi-
bers.

5. The fibrous structure according to claim 3 or 4
wherein at least some of the fibers are bonded to one
another at some of the points of contact of adjoining
fibers, whereby at least a part of the laminate is three-
dimensionally integrated. |

6. The fibrous structure according to claim 5 wherein
said bonding is effected by the heating of the lower-
melting polymer phase constituting the fibers to bond
the others directly.

7. The fibrous structure according to claim 5 wherein
said bonding is effected by means of an adhesive other
than the polymers constituting the fibers.

8. The fibrous structure according to claim 5 wherein
the lower-melting polymer phase constituting the fibers
at least contains an elastic polymer component, and the
fibers are bonded through the elastic polymer compo-
nent.

9. The fibrous structure according to claim 3 which 1s
in the form of a web or sheet.

10. The fibrous structure according to claim 3 which
is in the form of a web or sheet and is embossed.

11. The fibrous structure according to claim 3
wherein at least one of other woven fabrics, knitted
fabrics, nets, non-woven fibrous structures or films 1s
incorporated in an arbitrary position of said laminate of
the fibrous assemblies.

12. The fibrous structure of claim 3 comprising a
laminate of from 10 to 10,000 of said fibrous assemblies.

13. The fibrous structure of claim 4 comprising a
laminate of 10 to 10,000 of said fibrous assemblies.

14. A process for producing a fibrous assembly, the
individual constituent fibers being interconnected at
random in a spaced-apart relationship so that when
spread in a direction at right angles to the longitudinal
axes of the fibers, said assembly can form a continuous
integral reticulated structure; said individual fibers hav-
ing asymmetrical irregularly-shaped cross sections of
substantially different profiles and sizes from one an-
other when said assembly is cut at right angles to the
longitudinal axes of the fibers at an arbitrary point
therealong; at least 40% of the entire cross-sectional
area of each fiber consisting of at least two different
polymer phases which are coalesced side-by-side as at
least two irregular blocks; and each of the individual
fibers of said assembly having a non-uniform cross-sec-
tional shape along its longitudinal axis; which comprises
associating melts of at least two different foamable poly-
mer phases in the form of layers, extruding the associ-
ated mass from an elongated slit having a narrow clear-
ance of 30 to 300.microns as superimposed layer-like
streams in the direction of the narrow width, simulta-
neously foaming the polymer phases, and taking up the
extrudate at a draft ratio of from 50 to 250 while cooling
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16. The process of claim 14 wherein the slit has a
| clearance of 30 to 150 microns.
point 10 mm below the exit. | . . 17. The process of claim 14 wherein the extrudate is
| cooled at a location between the slit exit and a point 5

5 mm below the exit.
k% ¥ % %

the extrudate at a location between the slit exit and a

15. The process according to claim 14 wherein the
draft ratio is from 100 to 200.
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